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P r a e p h o l i d o c i d a r i s ,  a  N e w  E c h i n o i d  f r o m  t h e  
P e l l a  F o r m a t i o n  ( M i s s i s s i p p i a n )  o f  I o w a  
T .  J .  F R E S T  a n d  H .  L .  S T R I M P L E  
1  
F R E S T ,  T .  J .  a n d  H .  L .  S T R I M P L E  ( D e p a r t m e n t  o f  G e o l o g y ,  T h e  U n i v e r s i t y  
o f  I o w a ,  I o w a  C i t y ,  I o w a  5 2 2 4 2 ) .  P r a e p h o l i d o c i d a r i s ,  a  n e w  E c h i n o i d  f r o m  t h e  
P e l l a  F o r m a t i o n  ( M i s s i s s i p p i a n )  o f  I o w a .  
P r a e p h o l i d o c i d a r i s  p e l l a e n s i s ,  n .  g e n . ,  n .  s p . ,  i s  d e s c r i b e d  f r o m  b a s a l  C h e s t e r -
i a n  r o c k s  i n  t h e  v i c i n i t y  o f  O s k a l o o s a  a n d  G i v i n ,  M a h a s k a  C o u n t y ,  I o w a .  T h e  
n e w  g e n u s  i s  c h a r a c t e r i z e d  b y  i t s  s m a l l  n u m b e r  o f  a m b u l a c r a l  a n d  i n t e r a m b u l a c -
r a l  p l a t e  c o l u m n s ,  a d o r a l l y  e x p a n d e d  a m b u l a c r a ,  u n e q u a l  a m b u l a c r a l s  w i t h  
p e r f o r a t e  p r i m a r y  s p i n e s ,  a n d  i n t e r a m b u l a c r a l s  w i t h  p r i m a r y  s p i n e s  o n l y  o n  
T h e  p r o l i f i c a l l y  f o s s i l i f e r o u s  M i s s i s s i p p i a n  P e l l a  F o r m a t i o n  h a s  b e e n  
a  s u b j e c t  o f  p a l e o n t o l o g i c a l  i n v e s t i g a t i o n s  f o r  m o r e  t h a n  a  c e n t u r y  
( H a l l ,  1 8 5 8 ) .  H o w e v e r  r e l a t i v e l y  l i t t l e  m o d e m  w o r k  h a s  b e e n  d o n e  o n  
t h e  i n v e r t e b r a t e s ,  a n d  s o m e  g r o u p s  h a v e  b e e n  a l m o s t  t o t a l l y  n e g l e c t e d .  
T h i s  i s  p a r t i c u l a r l y  t r u e  o f  t h e  E c h i n o d e r m a t a :  t h o u g h  l o n g  k n o w n  a s  a  
s o u r c e  o f  e x c e p t i o n a l l y  p r e s e r v e d  b l a s t o i d s  o t h e r  e c h i n o d e r m  c l a s s e s  
w i t h  t h e  e x c e p t i o n  o f  t h e  E d r i o a s t e r o i d e a  ( S t r i m p l e ,  1 9 6 8 ;  B e l l ,  1 9 7 6 )  
a n d  t w o  c r i n o i d s  ( S t r i m p l e ,  1 9 7 4 )  h a v e  n o t  b e e n  p r e v i o u s l y  r e p o r t e d .  
C o l l e c t i n g  i n  r e c e n t  y e a r s  h a s  y i e l d e d  a  v a r i e t y  o f  c r i n o i d s ,  e d r i o a s -
t e r o i d s ,  a n d  s t a r f i s h  a s  w e l l  a s  t h e  e c h i n o i d  d e s c r i b e d  b e l o w :  t h e s e  w i l l  
b e  t h e  s u b j e c t  o f  f u t u r e  r e p o r t s .  U n l i k e  t h e  r a t h e r  u b i q u i t o u s  b l a s t o i d s  
( P e n t r e m i t e s  c o n o i d e u s ,  D i p l o b l a s t u s  g l a b e r )  n e a r l y  a l l  o f  t h e  o t h e r  
e c h i n o d e r m s  h a v e  b e e n  f o u n d  o n l y  a t  a  s i n g l e  l o c a l i t y ,  t h e  a b a n d o n e d  
c o u n t y  q u a r r y ,  n o r t h  o f  O s k a l o o s a ,  I o w a ,  a l t h o u g h  a  s i n g l e  e c h i n o i d  
w a s  c o l l e c t e d  a t  t h e  B a n z e e  q u a r r y ,  n e a r  G i v i n ,  I o w a  ( d e t a i l e d  
l o c a l i t i e s  c i t e d  b e l o w ) .  M o s t  o f  t h e  e c h i n o d e r m s  a r e  r e s t r i c t e d  t o  a  
s i n g l e  t h i n  l a y e r  i n  t h e  u p p e r  t h i r d  o f  t h e  f o r m a t i o n .  N o n e  o f  t h e  
e c h i n o i d s  w e r e  f o u n d  i n  p l a c e  t h o u g h  c r i n o i d s  a n d  b l a s t o i d s  h a v e  b e e n  
r e c o v e r e d  i n  s i t u .  T h e  m a j o r i t y  o f  s p e c i m e n s  a r e  l o o s e  o n  d u m p  p i l e s  
w h e r e  s h a l e  d i s c a r d e d  f r o m  t h e  e c h i n o d e r m - b e a r i n g  l a y e r  h a p p e n e d  t o  
h a v e  b e e n  t h e  l a s t  m a t e r i a l  d i s c a r d e d :  h e n c e  t h e  d i s t r i b u t i o n  o f  t h e  
e c h i n o d e r m s  a s  c o l l e c t e d  i s  e x t r e m e l y  s p o t t y .  
M o s t  o f  t h e  c r i n o i d s  o c c u r  a s  c r o w n s ,  o f t e n  r e t a i n i n g  p a r t  o f  t h e  
c o l u m n ,  d e s p i t e  t h e  p o o r l y  i n d u r a t e d  n a t u r e  o f  t h e  e n c l o s i n g  r o c k ,  
w h i c h  i n  p l a c e s  a p p r o a c h e s  a  m u d s t o n e .  M a n y  b l a s t o i d s  r e t a i n  t h e  
b r a c h i o l e s  a n d  c o v e r i n g  p l a t e s ,  a n d  s e v e r a l  o f  t h e  e c h i n o i d s  a n d  s t a r f i s h  
h a v e  s p i n e s  s t i l l  a r t i c u l a t e d ,  p r o b a b l y  i n d i c a t i n g  a n  a u t o c h t h o n o u s  
a s s e m b l a g e .  I n  m o s t  e c h i n o i d s  t h e  i n t e r a m b u l a c r a l  p l a t e s  h a v e  s h i f t e d  
a n d  b e c o m e  t e l e s c o p e d  o r  a r e  o t h e r w i s e  d i s r u p t e d ;  t h i s  i s  l i k e l y  d u e  t o  
s e d i m e n t  c o m p a c t i o n  a r o u n d  o r i g i n a l l y  i n t a c t  s p e c i m e n s .  T h e  c r i n o i d  
f a u n a  i s  p e c u l i a r  i n  t h a t  i t  i s  d o m i n a t e d  i n  t e r m s  o f  a b u n d a n c e  b y  t h e  
f l e x i b l e  T a x o c r i n u s  s h u m a r d i a n u s  w h e r e a s  t h e  m a j o r i t y  o f  s p e c i e s  a r e  
i n a d u n a t e s .  T h e  c a m e r a t e s  a r e  m o s t l y  s i m p l e  t y p e s  ( D i c h o c r i n u s ,  
C a m p t o c r i n u s ,  T a l a r o c r i n u s ) .  F o r  m a n y  c r i n o i d  s p e c i e s  f e w  a d u l t  o r  
v e r y  y o u n g  i n d i v i d u a l s  a r e  e n c o u n t e r e d ,  a n d  m o s t  ( e x c l u d i n g  t h e  f l e x i -
b l e s )  h a v e  n o t  b e e n  r e c o v e r e d  e v e n  a s  i s o l a t e d  p l a t e s  o u t s i d e  o f  t h e  
e c h i n o d e r m  z o n e  t h o u g h  P r a e p h o l i d o c i d a r i s ,  b l a s t o i d s ,  e d r i o a s -
t e r o i d s ,  a n d  s t e m s  d o  o c c u r  a t  o t h e r  l e v e l s  i n  t h e  P e l l a .  T h e  f a u n a  s e e m s  
t o  r e p r e s e n t  a n  o p p o r t u n i s t i c  a s s e m b l a g e  t h a t  w a s  a b l e  t o  p o p u l a t e  a  
s m a l l  a r e a  o f  t h e  P e l l a - a g e  s e a  b o t t o m  f o r  a n  e x t r e m e l y  s h o r t  p e r i o d  o f  
t i m e ,  p e r h a p s  d u r i n g  a n  i n t e r v a l  o f  s l i g h t l y  d e c r e a s e d  s e d i m e n t a t i o n ,  
b u t  w a s  a b r u p t l y  w i p e d  o u t  b y  a n  i n f l u x  o f  m u d .  S e d i m e n t a t i o n  r a t e  w a s  
m o s t  l i k e l y  t h e  d e t e r m i n a n t  f a c t o r  i n  e s t a b l i s h i n g  f a u n a )  c o m p o s i t i o n  
a n d  i n  t h e  e v e n t u a l  t e r m i n a t i o n  o f  t h e  a s s e m b l a g e  s i n c e  o t h e r  i n v e r t e -
b r a t e s ,  e s p e c i a l l y  b r a c h i o p o d s  a n d  c o r a l s ,  c o u l d  h a v e  p r o v i d e d  h a r d  
! G e o l o g y  D e p a r t m e n t ,  T h e  U n i v e r s i t y  o f  I o w a ,  I o w a  C i t y ,  I o w a ,  5 2 2 4 2 .  
a d r a d i a l  p l a t e  c o l u m n s .  A g e  r e l a t i o n s h i p s  o f  t h e  P e l l a  F o r m a t i o n  a n d  t h e  
p a l e o e c o l o g y  o f  i t s  e c h i n o d e r m  f a u n a  a r e  r e v i e w e d .  I t  i s  c o n c l u d e d  t h a t  t h e  
e c h i n o d e r m s  r e p r e s e n t  a n  o p p o r t u n i s t i c  a s s e m b l a g e  a n d  t h e  b u l k  o f  t h e  
e c h i n o d e r m  f a u n a  s u p p o r t s  a s s i g n m e n t  o f  u n i t  C  o f  t h e  f o r m a t i o n  t o  t h e  T a l a r o -
c r i n u s  Z o n e  ( o f  H o r o w i t z  a n d  S t r i m p l e ,  1 9 7 4  ) ,  b a s a l  C h e s t e r i a n .  
I N D E X  D E S C R I P T O R S :  L a t e  M i s s i s s i p p i a n ;  C h e s t e r i a n ;  T a l a r o c r i n u s  Z o n e ;  
P e l l a  F o r m a t i o n ;  M a h a s k a  C o u n t y ,  I o w a ;  E c h i n o d e r m a t a ;  E c h i n o i d e a ;  
E c h i n o c y s t i t i d a e ;  P r a e p h o l i d o c i d a r i s  p e l l a e n s i s ;  P h o l i d o c i d a r i s ;  p a l e o e c o l -
o g y .  
s u b s t r a t e s  f o r  t h o s e  s p e c i e s  w h i c h  w e r e  s e s s i l e .  T h e r e  i s  l i t t l e  d e v i a t i o n  
f r o m  t y p i c a l  a b u n d a n c e  o f  t h e s e  g r o u p s  i n  t h e  e c h i n o d e r m  l a y e r  ( i n  f a c t  
s o m e  a r e  c o m m o n e r  t h a n  a t  o t h e r  l e v e l s ) ;  h o w e v e r  h o l d f a s t s  a n d  t h e  
c e r t a i n l y  s e s s i l e  e d r i o a s t e r o i d s  a r e  m o r e  t h a n  u s u a l l y  c o m m o n ,  b u t  a r e  
s t i l l  r a t h e r  r a r e  a s  c o m p a r e d  t o  t h e  n u m b e r  o f  c r o w n s  r e c o v e r e d .  T h e  
l i t h o l o g y  o f  t h e  e c h i n o d e r m  z o n e ,  r a r i t y  o f  m a n y - p l a t e d  c a m e r a t e s ( e . g .  
B a t o c r i n u s ) ,  a b u n d a n c e  o f  f l e x i b l e s ,  a n d  p r e s e n c e  o f  f r e e - l i v i n g  g e n e r a  
s u c h  a s  C a m p t o c r i n u s  i n d i c a t e  t h a t  t h e  e c h i n o d e r m s  w e r e  e i t h e r  
b r o a d l y  t o l e r a n t  s p e c i e s  o r  w e r e  a d a p t e d  t o  s o f t  b o t t o m s .  T h e  l a t t e r  
a l t e r n a t i v e  i s  m o s t  p r o b a b l e :  t h e  c o m m o n e s t  e d r i o a s t e r o i d  ( L e p i d o d i s -
c u s  l a u d o n i ;  s e e  B e l l ,  1 9 7 6 ,  p p .  5 5 7 - 5 6 7 )  h a s  a  c l a v e a t e  t h e c a  w i t h  t h e  
o r a l  f a c e  i n  t h e  a d u l t  e l e v a t e d  c o n s i d e r a b l y  a b o v e  t h e  o r i g i n a l  p o i n t  o f  
a t t a c h m e n t  o f  t h e  t h e c a .  I t  s e e m s  l i k e l y  t h a t  t h e  m a j o r i t y  o f  t h e  P e l l a  
c r i n o i d s ,  a s  w e l l  a s  t h e  e c h i n o i d  a n d  s t a r f i s h ,  w e r e  e f f e c t i v e l y  
e l e u t h e r o z o i c  (  s e n s u  K i r k ,  1 9 1 1 )  d u e  t o  t h e  n a t u r e  o f  t h e  s u b s t r a t e  a n d  
p r o b a b l e  c o m p a r a t i v e l y  h i g h  r a t e  o f  s e d i m e n t  a c c u m u l a t i o n .  
P r e c i s e  a g e  r e l a t i o n s h i p s  o f  t h e  P e l l a  a r e  u n c e r t a i n .  T h e  h i s t o r y  o f  t h e  
f o r m a t i o n  h a s  b e e n  r e v i e w e d  b y  R e x r o a d  a n d  F u r n i s h  (  1 9 6 4  ) ,  w h o  a l s o  
p r o v i d e  a  s e c t i o n  o f  t h e  O s k a l o o s a  e x p o s u r e  ( t h e i r  t e x t - f i g u r e  I ) .  O n  t h e  
b a s i s  o f  t h e  c o n o d o n t  f a u n a  t h e s e  a u t h o r s  p l a c e  t h e  f o r m a t i o n  w i t h i n  t h e  
G n a t h o d u s  b i l i n e a t u s  - C a v u s g n a t h u s  c h a r a c t a  A s s e m b l a g e  Z o n e  a n d  
c o r r e l a t e  i t  w i t h  t h e  S t e .  G e n e v i e v e  ( R e x r o a d  a n d  F u r n i s h ,  p .  6 6 9 ) .  
S e r i e s  a s s i g n m e n t  o f  t h e  S t e .  G e n e v i e v e  h a s  b e e n  e i t h e r  t o  t h e  M e r a m e -
c a n ,  t h e  Y a l m e y e r a n ,  a  s e p a r a t e  s e r i e s  b e t w e e n  t h e  Y a l m e y e r a n  a n d  
C h e s t e r i a n  ( e . g .  S w a n n ,  1 9 6 3 ) ,  o r  t h e  C h e s t e r i a n .  O n  t h i s  p o i n t  R e x -
r o a d  a n d  F u m i s h ( o p .  c i t . )  c o m m e n t  t h a t '  ' t h e  S t e .  G e n e v i e v e  c o n o d o n t  
f a u n a  i s  s h a r p l y  d i f f e r e n t  f r o m  t h e  c o n o d o n t s  o f  t h e  u n d e r l y i n g  f o r m a -
t i o n s  o f  t h e  V a l m e y e r  s e r i e s  b u t  i s  c l o s e l y  s i m i l a r  t o ,  i f  n o t  i d e n t i c a l  
w i t h ,  t h e  c o n o d o n t s  o f  t h e  o v e r l y i n g  C h e s t e r  s e r i e s "  ( p .  6 6 9 ) .  W i t h  
r e g a r d  t o  t h e  P e l l a  e c h i n o d e r m  z o n e  ( i n c l u d e d  i n  u n i t  C  o f  R e x r o a d  a n d  
F u r n i s h ,  o p .  c i t . )  w e  p r e f e r  t h e  C h e s t e r i a n  a s s i g n m e n t  f o r  t h e  f o r m a -
t i o n .  T a l a r o c r i n u s ,  a  c o m m o n  c o n s t i t u e n t  o f  C h e s t e r i a n  f a u n a s ,  i s  
p r e s e n t  i n  t h e  P e l l a  w h i l e  P l a t y c r i n i t e s  a p p e a r s  t o  b e  u n r e p r e s e n t e d  
e v e n  b y  s t e m s .  
O t h e r  e c h i n o d e r m s  p r e s e n t  i n  t h e  P e l l a  ( i . e .  T a x o c r i n u s  s h u m a r -
d i a n u s ,  D i p l o b l a s t u s  g l a b e r )  c o u l d  s u p p o r t  e i t h e r  a  L a t e  M e r a m e c a n  o r  
E a r l y  C h e s t e r i a n  a g e  f o r  t h e  t o p  o f  t h e  f o r m a t i o n .  O n  t h e  w h o l e  t h e  
p r e p o n d e r a n c e  o f  s p e c i e s  i n d i c a t e s  t h e  l i k e l i h o o d  o f  E a r l y  C h e s t e r i a n  
a g e  ( T a l a r o c r i n u s  Z o n e  a s  d e f i n e d  b y  H o r o w i t z  a n d  S t r i m p l e ,  o p .  c i t . ,  
p p .  2 0 7 ,  2 1 3 )  f o r  u n i t  C  o f  t h e  P e l l a .  
P A L E O E C O L O G  Y  
P r a e p h o l i d o c i d a r i s  ( n e w  g e n u s )  w a s  a n  i n t e g r a l  m e m b e r  o f  t h e  P e l l a  
e c h i n o d e r m  f a u n a .  D e s p i t e  t h e  g e n e r a l l y  f r a g i l e  n a t u r e  o f  e c h i n o i d  t e s t s  
i t  i s  r e p r e s e n t e d  b y  o v e r  t h i r t y  s p e c i m e n s .  T h e  o c c u r r e n c e  i s  u n u s u a l  i n  
t h a t  t h e  e c h i n o i d s  w e r e  n o t  f o u n d  i n  a ·  ' n e s t ' '  b u t  a r e  s c a t t e r e d  s p a r s e l y  
1
F r e s t  a n d  S t r i m p l e :  P r a e p h o l i d o c i d a r i s ,  a  N e w  E c h i n o i d  f r o m  t h e  P e l l a  F o r m a t i o n  ( M i s s
P u b l i s h e d  b y  U N I  S c h o l a r W o r k s ,  1 9 7 7
A NEW ECHINOID FROM IOWA 99 
throughout the echinoderm-bearing layer. Other echinoids are virtually 
absent: a few plates and spines of an archaeocidarid were the only other 
echinoid remains encountered despite intensive search . The seeming 
paucity of echinoid species supports the inference of an opportunistic 
assemblage. Praepholidocidaris seems to have been more tolerant of 
silty conditions than many of the Pella species: isolated plates and 
spines have been observed at other levels in the Pella and as mentioned 
above it is one of the few species to be found outside of the Oskaloosa 
locality. Probably this greater ecological tolerance is related more to the 
echinoid's feeding habits than its motility. The echinoid's feeding 
system, unlike that of crinoids, is not prone to fouling by fine sediment 
particles. Like many Paleozoic echinoids the rather short and acicular 
spines of Praepholidocidaris may have functioned more as protection 
than as a means of locomotion. Durham (in Durham et al., 1966) has 
interpreted the living position of similarly shaped (depressed, with flat 
oral surface) lepidocentrids to be with the oral surface submerged in the 
substrate and only the apical surface projecting above the sea floor. The 
suggestion is plausible although it is also likely that echinoids living on 
a fine mud bottom would need to retain some ability to adjust their 
position unless the sedimentation rate were extremely low. The closely 
related genus Pholidocidaris has primary spines on all the interam-
bulacral plates of the oral surface: Praepholidocidaris interambulacrals 
bear primary spines only on those plate columns bordering the am-
bulacra . These spines in Echinocystitoida typically are the longest and 
most sturdy set and have the best developed articulation; hence the 
primaries are most likely to have served a locomotory function in 
addition to being protective. The small number of oral face interam-
bulacrals with primaries in Praepholidocidaris may indicate that the 
genus was less active than Pholidocidaris . 
PHYLOGENETIC RELATIONS 
Praepholidocidaris is morphologically similar to Pholidocidaris in 
several respects . The test shape of Praepholidocidaris pellaensis (new 
genus) appears to be identical to that of Pholidocidaris irregularis, the 
type species of Pholidocidaris. Like the latter Praepholidocidaris has 
ambulacra that are adorally much wider and are composed of larger 
plates. In both genera the adapical adradial interambulacrals are larger 
than the other interambulacrals while all adoral interambulacrals are of 
similar size. Overall the spines and plates of both genera strongly 
resemble each other. Differences in numbers of ambulacral and in-
terambulacral plate columns, the presence of primary spines on at least 
some ambulacrals of Praepholidocidaris, and the lack of primary 
spines on the median interambulacral plate columns on both test 
surfaces in Praepholidocidaris readily distinguish the two. These dif-
ferences are detailed below, and only a few points concerning 
taxonomic and phylogenetic implications of the genus need to be 
discussed here. 
The close relationship between Praepholidocidaris and 
Pholidocidaris necessitates discussion of the latter at some length in the 
systematic description . Our concept of Pholidocidaris is derived 
largely from the work of R. T. Jackson, who in two papers (Jackson, 
1912, 1929) described or reviewed essentially all the known material of 
the genus. The more recent treatment of the genus in the echinoid 
section of the Treatise on Invertebrate Paleontology by Kier ( 1966) is 
largely derivative but Kier's format for generic descriptions, and the 
phylogenetic assumptions on which it is based, are accepted and fol-
lowed herein. In an earlier paper Kier (1965) ascribed five species to 
Pholidocidaris, although other fragmentary material consisting only of 
isolated elements, not described to the specific level, has also been 
placed in the genus by other authors . Abandonment of this practice is 
advocated herein (next paragraph). Of the nominate species only three 
(P. irregularis, P. tenuis, and P. tournacensis) are represented by 
good material: otherwise unspecified references to Pholidocidaris in 
this paper relate to these three species collectively . 
The finding of a genus which when dissociated would yield plates 
and spines virtually indistinguishable from those of Pholidocidaris 
suggests that the acription of such material to a definite genus, as was 
commonly done in the past, is unjustified unless a very large number of 
isolated parts, allowing a virtual reconstruction in full, is available . 
This point has been made previously by Kier ( 1958, p. 11) in connec-
tion with the Archaeocidaridae . Erection by Kier (op . cit.) of the 
Mississippian genus Polytaxicidaris , which differs from Ar-
chaeocidaris almost solely in the number of ambulacral columns, has 
made it untenable to refer isolated archaeocidarid interambulacrals to 
Archaeocidaris; the majority of nominal species are based only on such 
material. According to Kier ( 1965 , p. 456) only 8 of the 42 " species" 
of Archaeocidaris are recognizable on these grounds. Subsequent de-
scription by Kier of another Polytaxicidaris (Kier, op. cit.) strengthens 
the argument, and an undescribed Pennsylvanian echinoid in the Uni-
versity of Iowa collections that is apparently also referable to 
Polytaxicidaris greatly increases the range overlap of the two genera. 
The widespread geographic distribution of Pholidocidaris (sensu lato) 
makes it probable that the same situation could recur unless echinoid 
taxonomists exercise more parsimony. Paleozoic echinoids are rare 
fossils, and evolutionary trends within the Paleozoic are still poorly 
understood (Kier, op cit., p. 437): consequently even fragmentary 
material may be of interest. The fact that significant contributions to our 
knowledge of Paleozoic echinoids can be made while following Kier's 
suggestion in regard to taxonomy has been demonstrated by Hoare and 
Sturgeon (1976) . 
Among the evolutionary trends within the Echinocystitoida de-
lineated by Kier (op . cit.) may be noted the following : 
I . Adoral expansion of ambulacra. 
2. Increase in number of ambulacral columns in some families 
(including the Echinocystitidae). 
3. Development of regularity in shape of interambulacral 
plates. 
4 . Flattening of the test. 
5. Increase in the number of plates. 
6. Increase in the size of the test. 
7. Differentiation of spines and development of tubercles. 
In all of these respects Pholidocidaris is a relatively advanced genus , 
which is not altogether surprising in view of its stratigraphic occurrence 
(Mississippian). The monotypic Praepholidocidaris, though younger 
than most Pholidocidaris species, is oddly primitive . Its shape and 
ambulacral development are close to those of Pholidocidaris but the 
number of plate columns, both ambulacral and interambulacral, is less , 
and the primary tubercles, while evolutionarily advanced in structure, 
are fewer in number on the interambulacrals. Since little evidence 
contradicts Kier's evolutionary scheme it is likely that much older 
species of Praepholidocidaris remain to be discovered . 
SYSTEMATIC DESCRIPTION 
Class ECHINOIDEA Leske, 1778 
Subclass PERISCHOECHINOIDEA M'Coy, 1849 
Order ECHINOCYSTITOIDA Jackson, 1912 
Diagnosis. - Perischoechinoidea with strongly imbricate plates; am-
bulacral plates beveling under interambulacra, imbricating adorally; 
interambulacral plates reaching peristome, imbricating adapically; gen-
ital plates present, perignathic girdle absent (after Kier, in Durham et 
al., 1966, p. U301). 
Family ECHINOCYSTITIDAE Gregory, 1897 
Diagnosis. - Echinocystitoida with ambulacra enlarged adorally in 
Mississippian and younger genera; more than two columns in each 
ambulacrum (after Kier in Durham et al., 1966, p. 301) . 
2
Proceedings of the Iowa Academy of Science, Vol. 84 [1977], No. 3, Art. 4
https://scholarworks.uni.edu/pias/vol84/iss3/4
1 0 0  
P R O C .  I O W A  A C A D .  S C I .  8 4  ( 1 9 7 7 )  
' f " f ' X t - F i g 1 1 f f  I .  C a m e r a  l u c i d a  s k e t c h e s  o f  p l a t e s  o f  P r a e p h o l i d o c i d u r i s  
/ ! f ' l i u 1 ' 1 1 . 1 i s .  n . g  . .  n .  , p .  B l a c k  a r e a s  i n d i c a t e  m a t r i x  o r  p l a c e s  w h e r e  
p l a t e  a r r a n g e m e n t  c a n n o t  h e  d e c i p h e r e d .  
a .  A d o r a l  , u r f a c e  o f  h o l o t y p e  ( S U I  3 9 4 9 1 )  s h o w i n g  i n t e r a m b u l a c r a l  
p l a t e ,  a n d  t u b e r c l e , .  C o m p a r e  w i t h  P l a t e  2 .  f i g u r e  6 .  b .  A d a p i c a l  
, u r f a c e  o f  h o l o t y p e .  N o t e  g c n i t a b .  i n t e r a m h u l a c r a l  p l a t e s ,  s e c o n d a r y  
l < l ' l l l l l r k s .  - I n  t h e  T r e a t i , e  ( K i e r ,  i n  D u r h a m  l ' l  l l l . ,  1 9 6 6 ,  p .  U 3 0 8 )  
P h 1 1 / i d 1 1 c i d a r i s  i ,  i n c l u d e d  i n  t h e  L e p i d o c e n t r i d a c ,  a  f a m i l y  c h a r a c -
t e r i z e d  h y  i n v a r i a b l e  p o s s e s s i o n  o f  o n l y  t w o  c o l u m n s  o f  p l a t e s  p e r  
a m h u l a c r u m  ( o p .  c i t . ,  p .  U 3 0 4 ) .  T h i s  i s  p r o b a b l y  a n  o v e r s i g h t  b e c a u s e  
t h
e  
a m h u l a c r a  o f  P l w l i d o c i d a r i s  a r c  w e l l  k n o w n  a n d  t h e  g e n u s  h a s  b e e n  
a , s o c i a t c d  w i t h  t h e  o t h e r  g e n e r a  o f  t h e  E c i n o c y s t i t i d a e  s i n c e  a t  l e a s t  
t h
e  t i m e  
o f  J a cb o n  (  1 9 1 2 ) .  K i e r  (  1 9 6 5 ,  t e x t - f i g u r e  9  a n d  i n  p a s s i n g )  
e a r l i e r  a c c e p t e d  t h e  c h i n o c y s t i t i d  a s , i g n m e n t  o f  t h e  g e n u s .  T h e  M i s -
, i . , . , i p p i a n  r n e m h e r,  o f  h o t h  f a m i l i . . : ,  c a n  h a v e  s i m i l a r  t e s t  s h a pe s  a n d  
c o ! l l p a r a h l c  d i , t r i h u t i o n  o f  p r i m a r y  , p i n e  t u h e r c u l e s  ( e . g .  P e r i s c h 1 1 d -
r n 1 1 1 1 1 s ) .  a n d  t w o  M  i . , . , i . , . , i p p i a n  l c p i d o c c n t r i d s  ( H v a 1 1 , , ch i 1 1 u s  a n d  P n i s -
s p i n e s ,  a n d  b r a c e .  S e c  a l s o  P l a t e  2 .  f i g u r e  7 .  c .  l n t c r a m b u l a c r u m  
s h o w i n g  p l a t e  a r r a n g e m e n t .  A d o r a l  p o r t i o n  a t  h o t t o m .  S U I  3 9 4 8 2 :  f o r  
c o m p a r i s o n  w i t h  P l a t e  I .  f i g u r e  3  &  4 .  d .  A p i c a l  s u r f a c e  o f  s m a l l  e n t i r e  
p a r a t y p e  ( S U  I  3 9 4 8 5  ) .  s h o w i n g  a m b u l a c r a l  p l a t e  a r r a n g e m e n t  a n d  
s p i n e s ;  c o m p a r e  w i t h  P l a t e  2 .  f i g u r e  4 .  
c h o d r o m u s )  d o  d i s p l a y  a  s i m i l a r  t r e n d  t o  a d o r a l  e n l a r g e m e n t  o f  t h e  
a m b u l a c r a .  H o w e v e r  t h e  m u c h  g r e a t e r  a r n h u l a c r a l  e x p a n s i o n  a d o r a l l y  
i n  s u c h  M  i s s i  s s i p p i a  n  c c h  i  n o c y s t  i t  i d s  a s  P r o t 1 ' r o c i d 1 1 r i s  a n d  
P h o l i d o c i d a r i s  
i s  d i s t i n c t i v e .  E n l a r g e m e n t  o f  a 1 1 1 h u l a c r a  o b v i o u s l y  is  
r e n d e r e d  m o r e  e a s i l y  p o s s i h l c  i n  c c h i n o i d s  w h i c h  p o s s e s s  a  l a r g e  
n u m b e r  o f  p l a t e  c o l u m n s  i n  e a c h  a ! l l h u l a c r u r n .  B o t h  P l 1 1 1 / i d 1 w i d 1 1 r i s  
a n d  P r a e p h 1 1 / i d 1 1 c i d 1 1 r i s  a r c  a c c e p t e d  a s  ! l l e r n h c r s  o f  t h c  1:c h i n oc y s t i t i -
d a
c  
i n  t h e  p r c s c n t  p a p c r .  I n  o r d e r  t o  f a c i l i t a t e  d i , c us s i o n  
o f  P r a 1 ' p h 1 1 / i d 1 1 c i d 1 1 r i s  ( n e w  g e n u s )  a  g e n e r i c  d e s c r i p t i o n  o f  
P h 1 1 / i d 1 1 c i d a r i s  f o l l o w s .  T h e  h o l o t y p e  o f  t h e  t y p e  ., p C L · i e s  o f  t h e  g e n u s  
( P .  i r r e g 1 1 / 1 1 r i s )  i s  i l l u , t r a t e d  o n  P l a t e  I .  f i g u r e s  I  &  2 .  
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Text-Figure 2. Camera luc ida sketches of Praepholidocidaris pellaen-
sis, n. gen., n . sp. Black areas represent matrix or are indecipherable. 
a. Paratype SUI 39490 showing apical system , X 5 . b. Adora) surface 
of SUI 39502 showing large adoral ambulacrals, peripodia and peri-
Genus PHOLIDOCIDARIS Meek & Worthen , 1869 
Type Species. - Pholidocidaris irregularis (Meek & Worthen) . 
Diagnosis . - Ambulacra adorally much more developed than abor-
ally; five or more commonly , six or more columns of plates per 
ambulacrum , imbricating adorally ; adoral ambulacral plates larger than 
adapical , with distinct peripodia on adoral plates only; ambulacrals 
wi th secondary tubercles only: interambulacrals imbricating adapi-
cally, six or more columns per interambulacrum; adapically adradial 
pores, and ambulacral plate tubercles, X 3 . c. Two large primary spi nes 
show ing straight and curved shafts, X 7.5 . d . Cluster of secondary 
spines from holotype (SUI 3949 1) illustrating morphology. X 20 . 
plates much larger than other interambulacrals; adora lly all interam-
bulacral plates of same size; single large perforate primary tubercle on 
adapical and all adoral interambulacral plates; secondary tubercles, 
probably imperforate, on other plates: basal terrace and scrobicule 
present but scrobicular ring and parapet lacking around primary tuber-
cles with scrobicular circle and low boss but no scrobicule or basal 
terrace . Primary spines stout , straight , enlarged at base, longitudinally 
striated , terete. 
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R e m a r k s .  - T h e  a b o v e  g e n e r i c  d i a g n o s i s  i s  t a k e n  l a r g e l y  f r o m  K i e r  
( o p .  c i t . ,  p .  U 3 0 8 ) ,  s u p p l e m e n t e d  i n  s o m e  d e t a i l s  f r o m  t h e  m o r e  
e x t e n d e d  d i a g n o s i s  a n d  d e s c r i p t i o n s  i n  J a c k s o n  ( 1 9 1 2 ,  p p .  4 3 3 - 4 4 2 ;  
1 9 2 9 ,  p p .  6 4 - 6 7 ) .  A s  d e f i n e d  a b o v e  t h e  g e n u s  i n c l u d e s  t h e  f o l l o w i n g  
s p e c i e s :  P .  i r r e g u l a r i s  ( M e e k  &  W o r t h e n ) ,  P .  t e n u i s  T o r n q u i s t ,  P .  
t o u r n a c e n s i s  J a c k s o n ;  a l l  a r e  f r o m  t h e  M i s s i s s i p p i a n  ( L o w e r  C a r -
b o n i f e r o u s )  o f  E n g l a n d ,  I r e l a n d ,  G e r m a n y ,  B e l g i u m ,  a n d  t h e  U n i t e d  
S t a t e s .  T h e  f o l l o w i n g  s p e c i e s  a r e  v e r y  i m p e r f e c t l y  k n o w n ,  c o u l d  b e -
l o n g  t o  P r a e p h o l i d o c i d a r i s ,  P h o l i d o c i d a r i s ,  o r  o t h e r  g e n e r a ,  a n d  
s h o u l d  p r o b a b l y  n o t  b e  r e t a i n e d  i n  a  d e f i n i t e  g e n u s :  P .  a c u a r i a  ( W h i d -
b o r n e )  [ o n l y  D e v o n i a n  s p e c i e s ] ,  P .  a n c e p s  ( A u s t i n )  [ s e e  M o r t e n s e n  
(  1 9 3 5 ) ,  p p .  7 4 - 7 5 ] ,  P .  g a u d r y i  J u l i a n , ? .  s p .  J a c k s o n  (  1 9 1 2 ,  p .  4 4 0 ) ,  P .  
s p .  J a c k s o n  ( 1 9 2 9 ,  p .  6 7 ) ,  P .  s p .  S c h m i d t  ( 1 9 3 0 ,  p .  7 2 ) .  
G e n u s  P R A E P H O L I D O C I D A R I S ,  n e w  g e n u s  
T y p e  s p e c i e s .  - P r a e p h o l i d o c i d a r i s  p e l l a e n s i s ,  n e w  s p e c i e s .  
D i a g n o s i s .  - A m b u l a c r a  a d o r a l l y  m u c h  m o r e  d e v e l o p e d  t h a n  a b o r -
a l l y ;  t y p i c a l l y  f o u r  c o l u m n s  o f  p l a t e s  p e r  a m b u l a c r u m ,  i m b r i c a t i n g  
a d o r a l l y ;  a d o r a l  a m b u l a c r a l  p l a t e s  m u c h  l a r g e r  t h a n  a d a p i c a l ,  w i t h  
p e r i p o d i a  o n l y  o n  a d o r a l  a m b u l a c r a l s ;  a l l  a m b u l a c r a l s  w i t h  b o t h  p e r f o -
r a t e  p r i m a r y  a n d  o c c a s i o n a l  i m p e r f o r a t e  s e c o n d a r y  t u b e r c l e s ;  f o u r  
c o l u m n s  o f  p l a t e s  i n  e a c h  i n t e r a m b u l a c r u m ;  i n t e r a m b u l a c r a l s  i m b r i c a t -
i n g  a d a p i c a l l y ;  a d r a d i a l  p l a t e  c o l u m n s  o n  b o t h  s u r f a c e s  o f  t e s t  s l i g h t l y  
l a r g e r  t h a n  p l a t e s  o f  m e d i a n  c o l u m n s ,  w i t h  s i n g l e  p e r f o r a t e  p r i m a r y  
t u b e r c l e s  d e v e l o p e d  a s  i n  P h o l i d o c i d a r i s ;  a l l  i n t e r a m b u l a c r a l s  w i t h  
n o n p e r f o r a t e  s e c o n d a r y  t u b e r c l e s  m u c h  l i k e  t h o s e  o f  P h o l i d o c i d a r i s .  
P r i m a r y  s p i n e s  i n c l u d e  b o t h  s t r a i g h t  a n d  p r o x i m a l l y  c u r v e d  t y p e s ,  
o t h e r w i s e  s i m i l a r  t o  t h o s e  o f  P .  i r r e g u l a r i s .  
H o r i z o n .  - P e l l a  F o r m a t i o n ,  b a s a l  C h e s t e r i a n  ( M i s s i s s i p p i a n ) ,  I o w a .  
R e m a r k s .  - D i f f e r e n c e s  b e t w e e n  P r a e p h o l i d o c i d a r i s  a n d  
P h o l i d o c i d a r i s  h a v e  b e e n  o u t l i n e d  a b o v e  a n d  r e q u i r e  l i t t l e  a d d i t i o n a l  
c o m m e n t .  S i n c e  t h e  f o r m e r  g e n u s  i s  a t  p r e s e n t  m o n o t y p i c  a s s e s s m e n t s  
o f  t h e  r e l a t i o n s h i p s  b e t w e e n  t h e  t w o  n e c e s s a r i l y  h a v e  l i m i t e d  v a l u e .  
T h e  g e n e r i c  c h a r a c t e r s  a s  a  w h o l e  i n d i c a t e  t h a t  P r a e p h o l i d o c i d a r i s  i s  
a r c h a i c  i n  s o m e  r e s p e c t s  a s  c o m p a r e d  t o  o t h e r  M i s s i s s i p p i a n  e c h i n o i d s ,  
p a r t i c u l a r l y  P h o l i d o c i d a r i s ,  d e s p i t e  i t s  a p p a r e n t  C h e s t e r i a n  a g e .  T h e  
p a t t e r n  o f  s p i n a t i o n  o f  t h e  i n t e r a m b u l a c r a l s  i s  s t r i k i n g l y  r e m i n i s c e n t  o f  
t h e  l e p i d o c e n t r i d  P e r i s c h o d r o m u s  ( s e e  J a c k s o n ,  1 9 1 2 ,  p .  4 0 1 )  a n d  i s  
m o s t  c l o s e l y  p a r a l l e l e d  a m o n g  t h e  E c h i n o c y s t i t i d a e  i n  P r o t e r o c i d a r i s .  
T h e  p r e s e n c e  o f  p e r i p o d i a  a n d  p r i m a r y  s p i n e s  o n  t h e  a m b u l a c r a l s  a r e  
p r o b a b l y  a d v a n c e d  c h a r a c t e r s ;  b u t  t h e  r e s t r i c t i o n  o f  p r i m a r i e s  t o  o n l y  
t h e  a d r a d i a l  i n t e r a m b u l a c r a l s  i s  d e c i d e d l y  p r i m i t i v e .  S e v e r a l  o f  t h e  
m o r e  u n u s u a l  a s p e c t s  o f  t h e  g e n u s '  m o r p h o l o g y  t h a t  r u n  c o u n t e r  t o  t h e  
g e n e r a l  t r e n d s  o f  e v o l u t i o n  w i t h i n  t h e  E c h i n o c y s t i t o i d a  a r e  n o t e w o r t h y  
i n  t h a t  t h e y  a r e  p a r a l l e l e d  m o s t  c l o s e l y  a m o n g  c o n t e m p o r a r y  
E c h i n o i d e a  b y  t h e  c i d a r o i d s .  A m o n g  t h e s e  m a y  b e  m e n t i o n e d  t h e  s m a l l  
n u m b e r  o f  a m b u l a c r a l  a n d  i n t e r a m b u l a c r a l  c o l u m n s  a n d  t h e  e x t r e m e l y  
d e p r e s s e d  t e s t  s h a p e .  A s  c o m p a r e d  t o P h o l i d o c i d a r i s  t h e  i n t e r a m b u l a c -
r a l  p l a t e s  a r e  m o r e  n e a r l y  e q u a l  i n  a r e a  i n  a l l  c o l u m n s  a n d  t h e  a m o u n t  o f  
i m b r i c a t i o n  ( a s  j u d g e d  f r o m  t h e  p r o p o r t i o n  o f  p l a t e  a r e a  w i t h o u t  
s e c o n d a r y  t u b e r c l e s )  i s  r e d u c e d .  I t  i s  t h u s  p o s s i b l e  t h a t  
P r a e p h o l i d o c i d a r i s  r e p r e s e n t s  a  s p e c i a l i z e d  o f f s h o o t  f r o m  t h e  
E c h i n o c y s t i t o i d a  t h a t  i s  e v o l u t i o n a r i l y  c o n v e r g e n t  i n  s o m e  w a y s  w i t h  
t h e  e a r l y  C i d a r o i d e a  r a t h e r  t h a n  a  p e r s i s t e n t  m e m b e r  o f  t h e  a n c e s t r a l  
s t o c k  w h i c h  g a v e  r i s e  t o P h o l i d o c i d a r i s ,  b u t  p r e s e n t  e v i d e n c e  i s  h a r d l y  
c o n c l u s i v e .  
P R A E P H O L I D O C I D A R I S  P E L L A E N S I S ,  n e w  s p e c i e s  
P l a t e  I ,  f i g u r e s  3 - 9 ;  P l a t e  2 ;  T e x t - f i g u r e s  I  &  2  
D i a g n o s i s .  - S a m e  a s  t h a t  o f  g e n u s .  
M a t e r i a l .  - A b o u t  t h i r t y  s p e c i m e n s ,  m o s t l y  f r a g m e n t e d  f l a t t e n e d  t e s t s  
w i t h  p l a t e s  d i s a r r a n g e d ,  p r e s e r v e d  i n  a  s o f t  s h a l e y  m a t r i x .  
D e s c r i p t i o n .  - S h a p e :  a l t h o u g h  a l l  s p e c i m e n s  a r e  p r o b a b l y  s o m e w h a t  
f l a t t e n e d ,  t h e  o r i g i n a l  s h a p e  c a n  b e  i n f e r r e d  f r o m  r e l a t i v e l y  c o m p l e t e  
s p e c i m e n s  ( e . g .  S U I  3 9 4 8 5 ;  t e x t  f i g u r e  I d ,  P l a t e  2 ,  f i g u r e s  4  &  5 ) .  T e s t  
m u c h  w i d e r  t h a n  h i g h ,  d i s c o i d a l ,  w i t h  f l a t  o r a l  s u r f a c e  a n d  g e n t l y  
r o u n d e d  a p i c a l  s u r f a c e ;  p r o f i l e  p r o b a b l y  s i m i l a r  t o  t h o s e  o f  
P h o l i d o c i d a r i s  a n d  P e r i s c h o d r o m u s  ( K i e r ,  1 9 6 5 ,  t e x t - f i g u r e  5 ) ,  o u t -
l i n e d  a s  v i e w e d  f r o m  a b o v e  r o u n d e d .  
S i z e :  s m a l l ,  w i d e s t  m e a s u r e d  i n t e r a m b u l a c r u m  w i d t h  1 2 . 7  m m  a t  
a m b i t u s ,  l a r g e s t  a m b u l a c r u m  m e a s u r e d  5  . 0  m m  a t  a m b i t u s ;  e s t i m a t e d  
d i a m e t e r  o r  l a r g e s t  s p e c i m e n  3 0  m m .  I s o l a t e d  a d a p i c a l  f a c e  i n t e r a m -
b u l a c r a l s  i n d i c a t e  a  m a x i m u m  d i a m e t e r  o f  a b o u t  5 0  m m .  
A p i c a l  s y s t e m :  s o m e  g e n i t a l s  p r e s e r v e d  i n  h o l o t y p e  ( S U I  3 9 4 9 1 ;  
T e x t - f i g u r e  I  b ,  P l a t e  2 ,  f i g u r e  7 ) ;  a  m o r e  c o m p l e t e  e x a m p l e  i s  i l l u s -
t r a t e d  a s  T e x t - f i g u r e  2 a  ( S U I  3 9 4 9 0 ) .  G e n i t a l s  l a r g e :  o n e  p l a t e  ( p r e -
s u m a b l y  i n c l u d i n g  m a d r e p o r i t e )  l a r g e r  t h a n  o t h e r s ,  w i t h  s i x  l a r g e  p o r e s  
w h i c h  t e n d  t o  b e  o c c l u d e d  b y  s e c o n d a r y  c a l c i t e ,  n o  m a d r e p o r i t e  p o r e s  
o b v i o u s ;  r e m a i n i n g  g e n i t a l s  w i t h  a b o u t  6 0 %  o f  a r e a  o f  l a r g e s t ,  t h r e e  t o  
f o u r  l a r g e  p o r e s  o n  e a c h  a r r a n g e d  i n  a n  a r c  w i t h  a p e x  d i r e c t e d  a d a p i -
c a l l y .  A l l  g e n i t a l s  w i t h  n u m e r o u s  s e c o n d a r y  s p i n e  t u b e r c l e s ,  l a r g e  
p o r e s  t e n d i n g  t o  b e  d i s p o s e d  i n  c r e s c e n t  o n  a d a p i c a l  h a l f  o f  p l a t e .  S o m e  
s m a l l  p l a t e s  w i t h  s e c o n d a r y  s p i n e  t u b e r c l e s  n e a r  c e n t e r  o f  T e x t - f i g u r e  
2 a  a r e  t h o u g h  t o  b e  o c u l a r s ;  t h e y  a r e  n o n - p o r o u s  a n d  a p p r o x i m a t e l y  o n e  
t h i r d  t h e  s i z e  o f  t h e  g e n i t a l s .  O c u l a r s  a n d  g e n i t a l s  t h i c k ,  o u t e r  s u r f a c e  
b r o a d l y  c o n v e x .  
l n t e r a m b u l a c r a :  f o u r  c o l u m n s  o f  t h i c k  p l a t e s  i n  e a c h  a r e a ,  i m b r i c a t -
i n g  a d a p i c a l l y  ( P l a t e  2 ,  f i g u r e  4 ;  T e x t - f i g u r e  I d ) ,  l a t e r a l l y  f r o m  c e n t e r  
t o  a d r a d i a l s .  P l a t e  s h a p e  a n d  o r i g i n  o f  c o l u m n s  a s  i n d i c a t e d  i n  T e x t -
f i g u r e  I  c ,  a  n e a r l y  c o m p l e t e  i n t e r a m b u l a c r u m  l a c k i n g  o n l y  t h e  m o s t  
a d a p i c a l  p l a t e  ( s e e  a l s o  P l a t e  I ,  f i g u r e s  3  &  4 ) .  I n t e r a m b u l a c r a l s  o f  
a d a p i c a l  s u r f a c e  f o r m i n g  a n  a l m o s t  e q u i a l t e r a l  t r i a n g l e ,  r a p i d l y  r e a c h -
i n g  f u l l  c o m p l e m e n t  o f  c o l u m n s ;  a d o r a l  i n t e r a m b u l a c r a l s  f o r m i n g  e l o n -
g a t e  t r i a n g l e  w i t h  c o n c a v e  l a t e r a l  e d g e s ,  f o u r t h  c o l u m n  a p p e a r i n g  
i m m e d i a t e l y  b e f o r e  a m b i t u s .  A d r a d i a l  i n t e r a m b u l a c r a l s  o n l y  w i t h  p r i -
m a r y  t u b e r c l e s ,  a l l  i n t e r a m b u l a c r a l s  w i t h  n u m e r o u s  s e c o n d a r i e s .  A  
s c r o b i c u l a r  r i n g  o f  t u b e r c l e s  i s  m o s t  n o t i c e a b l e  i n  y o u n g  i n d i v i d u a l s  
( P l a t e  I ,  f i g u r e s  3 ,  9 ;  P l a t e  2 ,  f i g u r e s  I ,  5 )  b u t  l e s s  d i s t i n c t  o n  l a r g e s t  
s p e c i m e n s  ( P l a t e  2 ,  f i g u r e s  6 ,  7 ) .  A d r a d i a l  p l a t e s  o n l y  s l i g h t l y  l a r g e r  
t h a n  m o r e  c e n t r a l  o n e s ,  a t  m o s t  I  ' h  t i m e s  l e n g t h  o f  c e n t r a l  i n t e r a m -
b u l a c r a l s .  l n t e r a m b u l a c r a l s  o f  b o t h  f a c e s  a b o u t  e q u a l  i n  a r e a ,  m o d e r -
a t e l y  i m b r i c a t e ,  m o s t l y  h e x a g o n a l  i n  s h a p e ,  b u t  a d r a d i a l s  w i t h  a d a m -
b u l a c r a l  s u t u r e s  s c a l l o p e d ,  e x t e n d i n g  p a r t l y  o v e r  f i r s t  a m b u l a c r a l  c o l -
u m n s .  T u b e r c l e  m o r p h o l o g y  a s  i n  g e n e r i c  d e s c r i p t i o n .  
P l a t e  I .  E c h i n o i d s  f r o m  I o w a  a n d  I l l i n o i s .  I .  A d o r a !  s u r f a c e  o f  
h o l o t y p e  o f  P h o l i d o c i d a r i s  i r r e g u l a r i s  ( M e e k  &  W o r t h e n ) ,  F i e l d  
M u s e u m  U C  1 0 5 2 2 ,  H a m i l t o n  o r  N a u v o o ,  I l l i n o i s ,  X  1 . 5 .  N o t e  l a r g e  
a m b u l a c r a l  p l a t e s  w i t h  p e r i p o d i a ,  s m a l l  i n t e r a m b u l a c r a l s  e a c h  b e a r i n g  
a  p r i m a r y  s p i n e  t u b e r c l e .  2 .  A d a p i c a l  s u r f a c e  o f  P h o l i d o c i d a r i s  i r -
r e g u l a r i s  ( M e e k  &  W o r t h e n ) ,  h o l o t y p e ,  s h o w i n g  s m a l l  a m b u l a c r a l s  
n e a r  c e n t e r  o f  f i g u r e  a n d  l a r g e  s c a l e - l i k e  i n t e r a m b u l a c r a l s ;  o n l y  e n -
l a r g e d  a d  r a d i a l  p l a t e s  w i t h  p r i m a r y  t u b e r c l e s .  3 .  A d o r a !  p o r t i o n  o f  t w o  
a m b u l a c r a  a n d  i n t e r a m b u l a c r u m  o f  P r a e p h o l i d o c i d a r i s  p e l l a e n s i s ,  n .  
g e n . ,  n .  s p . ,  s h o w i n g  l a r g e  h e x a g o n a l  a m b u l a c r a l s ,  a m b u l a c r a l  s p i n e s ,  
a n d  i n t e r a m b u l a c r a l  p l a t e  a r r a n g e m e n t .  P a r a t y p e  S U I  3 9 4 8 9 ,  X  5 . 5 .  4 .  
A d a p i c a l  s u r f a c e  o f  s a m e  s p e c i m e n  a s  3  t o  s h o w  i n t e r a m b u l a c r a l  p l a t e  
a r r a n g e m e n t  a n d  s e c o n d a r y  s p i n e s ;  n o t e  s i z e  o f  p l a t e s ,  t u b e r c l e  m o r -
p h o l o g y ,  a n d  w e a k  s c r o b i c u l a r  r i n g  o f  s e c o n d a r i e s  o n  t h i s  a n d  p r e c e e d -
i n g  f i g u r e . ·  X  5 . 2  5 .  S i d e  v i e w  o f  l a n t e r n  s h o w i n g  o u t e r  s u r f a c e s  o f  
d e m i p y r a m i d s .  S U I  3 9 4 8 4 ,  X  5 . 6 .  6  &  7 .  A d a p i c a l  a n d  a d o r a l  s i d e s  
r e s p e c t i v e l y  o f  P r a e p h o l i d o c i d a r i s  p e l l a e n s i s ,  S U I  3 9 4 8 7 ,  s h o w i n g  
s i z e  a n d  s h a p e  o f  a m b u l a c r a l s ,  r e l a t i v e  w i d t h s  a n d  s h a p e  o f  a m b u l a -
c r u m  o n  e a c h  s i d e .  X  6 .  7 .  8  &  9 .  A d a p i c a l  a n d  a d o r a l  v i e w s  o f  a n o t h e r  
p a r a t y p e  ( S U I  3 9 4 8 8 ) .  T h i s  s p e c i m e n  s h o w s  g o o d  s e c o n d a r y  s p i n e s  o n  
a d a p i c a l  f a c e  a n d  p r i m a r y  a m b u l a c r a l  s p i n e s  i n  p l a c e ,  s c r o b i c u l a r  r i n g  
o n  i n t e r a m b u l a c r a l  p r i m a r y  t u b e r c l e s  o f  a d o r a l  f a c e .  X  4 .  7 .  
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P l a t e  2 .  P r a e p h o l i d o c i d a r i s  p e l l a e n s i s ,  n .  g e n . ,  n .  s p .  I .  A d a p i c a l  
s u r f a c e  o f  m o d e r a t e - s i z e d  w h o l e  s p e c i m e n ,  s h o w i n g  e d g e s  o f  d i s r u p t e d  
i n t e r a m b u l a c r a l  p l a t e s .  S U I  3 9 4 8 3 ,  X  5 . 3 .  2 .  V i e w  o f  a d o r a l  s u r f a c e  o f  
s a m e  s p e c i m e n .  N o t e  ~g r o o v e d  l o o t h ,  a m b u l a c r a l  p e r i p o d i a ,  a n d  p r i -
m a r y  s p i n e s .  X  5 . 3 .  3 .  F r a g m e n t  o f  l a r g e  s p e c i m e n  s h o w i n g  l a n t e r n  a s  
v i e w e d  f r o m  a b o v e .  L a r g e  g e n i t a l  p l a t e  ( p o s s i b l y  m a d r e p o r i t e )  a t  r o p  o f  
f i g u r e .  X  5 . 5 . 4 .  A d a p i c a l  f a c e  o f  a  s m a l l  w h o l e  s p e c i m e n  i l l u s t r a t i n g  
i m b r i c a t i o n  o f  a m b u l a c r a l  a n d  i n t e r a m b u l a c r a l  p l a t e  c o l u m n s ,  p l a t e  
t u b e r c l e s ,  a n d  p r i m a r y  s p i n e s  i n  p l a c e  o n  b o t h  p l a t e  t y p e s .  P e r i s t o m e  
o b s c u r e d  b y  s p i n e s .  X  4 . 3 .  5 .  O r a l  f a c e  o f  s a m e  s p e c i m e n  a s  ( 4 ) a b o v e  
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Ambulacra: four co lumns of une4ual plates in eac h ray on both faces. 
ambulacra much wider on aboral race. peta loid in shape wi th maximum 
width reac hed at a point less th an half radi al distance to ambitus (Plate 
I . fig ure 7); ambul acra of adapical face narrow. graduall y increasing in 
width approac hing am bitus but less than half greatest adoral width at 
ambitus. Adora! ambulacrum of one specimen (Tex t-fi gure 2b) may 
have fi ve co lu mns. Most ambulacrals regularl y hexagonal in shape 
(Plate I . fig ures 3. 9) but some adapical plates diamond- shaped (Plate 
2. figure 4). Adora! amb ulacra ls large r in average size than adapical 
(compare Plate I . fi gures 6 & 7. 8 & 9); adoral plates also with 
pore-pa irs su rrounded by dee p peripodia (text-figure 2b; Pl ate 2. fi gure 
5) and bearing both primary and secondary spines. Adapical plates with 
primary spi nes and probably second aries al so; peripodia not developed . 
Ambu lac rals beveling o rall y. latera ll y beveling under inte rambulacra . 
th ick. Colu mns adjace nt to interambu lacra latera ll y e longate and larger 
on both faces. Pore pairs ecce ntric. not ob lique . situated c lose r to side 
o r plate facin g nearest intcrambul ac rum . Ambulacrals near peri stome 
and adjace nt to apical system rapidl y dec reasing in size; orig ins of 
columns not seen but all four arc prese nt very close to test apices. 
Peristome: not we ll preserved on availabl e material , likely very 
small ; interambulacra not reaching pcristome. 
Spines: primaries of two types , straight and curved (Text-fig ure 2c; 
Plate 2, fi gures 4 & 6); longitudinall y fin ely striate, 40-50 striations on 
larges t spines. Primaries wi th swo llen bases: well -developed mill ed 
ring and coll ar, knurl ed annulu s; shaft tapering, rather stout; cross 
sect ion ro und ; longest intcrambulacral primary observed (incomplete) 
11 .5 111111 long. Am bul acra l primaries small er (Plate 2 , figures 2, 4 , 6) 
onl y strai ght type observed, otherw ise similar to interambul acral 
primaries ; longest observed spi ne (complete) 8 .0 111111 long. Secon-
daries very small , stout tapering abruptly , bases swoll en, shaft or-
namented by a few longitudinal stri ae (Test-figure 2d; Plate I, fi gure 4; 
Plate 2, figure 7). Ambulacral secondaries sli ghtl y small er, more terete 
(Plate I , fi gure 9), otherwise like their interambulacral counterparts. 
Lantern: incompletely known . represented by demipyramids (Plate 
I , figure 5; Plate 2, fi gure 3), a single brace on the hol otype (Plate 2, 
fi gure 7), and a tooth (Pl ate 2, fi gure 2). Lantern small, s imilar to that of 
Pholidocidaris in morphology, with wide-angled demipyramids each 
with deep foram en magnum; teeth wide , grooved on outer surface. 
Types. - All type spec imens in the Repos itory of the Geology 
Department , The Uni vers ity of Iowa. Holotype SUI 39491 ; figured 
paratypcs SU I 39483-39490 , 39501 -39502; unfigured paratypes SUI 
39483. 39492-39500. 
Horizon and locali1ies. - Pella Formation. Mi ssissippian (basal 
Chesterian), abandoned county 4uarry N. of Oskaloosa, near center of 
N. line of section 30, T . 76 N .. R. 15 W .. Oskaloosa 71/2' quadrangle; 
inactivc 4uarry NEofG ivin , SW '.4 NW 1/i sec. 12, T . 74 N. , R. 16 W. , 
Eddyv ille 71/i' quadrangle , Mahaska County , Iowa. 
Remarks . - The close simil arities between Praepholidocidaris and 
Pholidocidaris. plus the small tes t size, orig inally led us to believe that 
the Pell a spec imens might be immature Pholidocidaris ; however, 
com pari sons with th e tw o j uve nil es of the type species of 
Pholidocidaris described by Jackson ( 191 2. pp. 436-437), both within 
the size range of Praepholidocidaris. revea led numerous differences. 
show ing large ambulacrals with pore pairs surrounded by raised 
pcripodia . Plates somew hat jumbled. X 4.3. 6 . Holotypc (SU I 3949 1 ); 
adoral su rface of large spec imen. show ing well -preserved ambulacrals 
with both primary and secondary spi nes. most or adoral half of one 
intcrambulacrum . X 4.5. 7. Adapical surface o r holotype illustrating 
plate arrange ment or adapica l half of an ambulacrum (left half or 
fi gure). seve ral perforate ge nital plates (right ha lf) . exposed pm1ion of 
a brace. and numerous tin y secondary spines. X 4 .5. 
Pholidoc idaris. like many other echinoids. acq uires its distinctive 
characte ri stics at an early stage of growth . Many of the differences 
between the two genera have been noted previously, but a few supple-
mental compari sons can be appended. Adradial interambulacrals in 
Pholidocidaris are two to three times the length of the media n column 
plates , and the interambulacral s of the adapical face are distin ctl y large 
in size. The genitals of Pholidocida ris have six to ten genital pores and 
are proportionately smaller than those of Praepholidocidaris. Addi-
ti ona ll y, the poorly known oc ul ars of Pholidocidaris may be perfora te 
(Jac kson, 19 12, p. 435). 
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